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D.  L.  Dibble,  S,  S    Richards,  and  L    V  Steck 


Western  fire-control  agencies  dropped  seven  million  gallons 
of  fire  retardant  mixtures  from  aircraft  in  1960,  They  are  continuing 
aircraft  drops  in  1961  and  are  testing  both  retardants  and  suppressants 
in  fire  trucks  (Davis  Dibble,  and  Phillips,  1961),  It  is  not  surprising 
that  firefighters  have  expressed  considerable  interest  in  learning  how- 
new  materials  are  selected  for  trial  on  actual  fires  This  paper  de- 
scribes the  first  steps  in  the  process  of  seeking  new  or  improved  mate- 
rials for  use  m  forest  fire  control  and  the  laboratory  methods  used  m 
this  preliminary  screening  Subsequent  steps  include  small  scale  field 
trials  on  forest  and  range  fuels  and  then  operational  tests  on  wildfires 
(Miller  and  Wilson,   1957;  Phillips,,  1961). 

Before  any  new  material  can  be  tested  by  field  or  operational 
trials,  a  great  amount  of  factual  information  is  required.    For  example, 
those  in  charge  of  forest  firefightmg  will  need  to  know  if  ample  supplies 
are  readily  available   what  the  material  will  cost,  whether  special  tech- 
niques will  be  needed  m  mixing,  handling,  and  storage,  and  if  the  mix- 
ture could  damage  equipment  or  endanger  personnel  (Miller  and  Phillips, 
1958).    Firefighters  will  also  want  specific  answers  to  such  questions 
as: 

1,  Are  high  temperatures  or  other  chemicals  required  to  obtain  appli- 
cable mixtures? 

2.  What  is  the  effect  on  the  retardant  mixture  of  the  acidity  or  alka- 
linity and  hardness  of  the  water  to  be  used? 

3     Does  the  material  adhere  well  to  fuels  when  first  applied? 

4.  Does  the  coating  tend  to   crack  or  crumble  under  extreme  drying 
conditions  ? 

5.  Is  the  material  sufficiently  slippery  to  constitute  a  hazard  to  per- 
sonnel working  around  a  fire  truck  or  aircraft? 

Much  of  this  information  may  be  obtained  from  brochures  of 
suppliers  or  through  correspondence  with  the  manufacturer.  For  some 
of  the  questions,  however,  specific  answers  must  be  obtained  by  labo' 
ratory  evaluation  which  permits  direct  comparisons  of  different  mate- 
rials. 


PHYSICAL  AND  CHEMICAL  PROPERTIES 


MIXING 

Simple  tests  will  show  whether  the  product  is  readily  soluble 
in  hot  or  cold  water  and  if  it  requires  mixing  by  rapid  agitation  or  with 
injector -type  mixers.  The  effect  of  the  acidity  or  alkalinity  and  the 
hardness  of  the  water  used  on  the  resulting  mixture  can  be  observed  at 
the  same  time.  When  available,  the  manufacturer's  recommendations 
are  very  helpful  in  determining  the  best  method  of  making  a  solution  of 
the  proper  viscosity.  A  sample  of  the  mixture  is  placed  in  a  beaker 
and  its  viscosity  recorded  at  room  temperature  with  a  Brookfield  vis- 
cometer (fig,  1). 

STABILITY 

Fire  retardants  often  have  to  be  mixed  and  stored  in  advance 
of  anticipated  use  by  initial  attack  aircraft  or  by  ground  tankers.  To 
determine  stability  of  stored  mixtures,  a  beaker  sample  is  placed  in  an 
oven  maintained  at  80°  F.  ,  and  viscosity  is  measured  after  24,  48,  168, 
and  720  hours.  The  mixture  is  checked  to  see  if  the  retardant  has 
tended  to  separate  or  has  remained  in  solution,  if  evaporation  has  been 
excessive  or  if  bacteria  have  caused  spoilage.  To  prevent  spoilage,  a 
preservative  may  have  to  be  added  to  the  mixture. 

CORROSIVENESS 

The  corrosive  action  of  a  fire  retardant  on  metal  parts  of 
fire  equipment,  such  as  hose  connections,  pumps,  and  storage  facili- 
ties may  definitely  restrict  its  use.    The  increased  use  of  air -tankers 


Figure  1.  —Using  a  viscometer  to  determine  the  thickness 
or  viscosity  of  a  potentially  new  fire  retardant. 
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Figure  2.  — Metal  strips 
are  submerged  in  sam- 
ples  ofaretardant 
solution  during  the 
static  test. 


on  forest  fires  makes  it  doubly  important  that  corrosive  effects  of  re- 
tardants  on  aircraft  parts  be  known  and  eliminated,  because  of  the  dan- 
ger to  operating  personnel  and  the  high  upkeep  costs  of  the  aircraft. 
Therefore,  suggested  retardants   are   subjected  to  two  types  of  cor- 
rosion tests. 

One  type  is  a  "static"  test,  conducted  according  to  the  method 
outlined  in  Chemical  Engineering  Handbook  (Perry,  1950).    Pieces  of 
the  metals  commonly  used  in  firefighting  equipment  are  totally  sub- 
merged in  the  test  solution  for  120  hours  (fig.  2)  and  weighed  to  deter- 
mine losses  due  to  corrosion. 

The  metals  used  in  these  tests   are:    (1)  copper,  (2)  brass, 
(3)  bronze,  (4)  mild  steel,  (5)  aluminum,  and   (6)  magnesium.  Test 
samples  0.025  inch  to  0.075  inch  thick  are  cut  into  1-  by  2-inch  rec- 
tangles before  submersion;  they  are  lightly  polished  on  a  buffing  wheel 
to  remove  scratches   and  tool  marks,  washed  in  a  solvent  to  remove 
any  oil  film,  and  dried.    The  retardant  to  be  tested  is  placed  in  250  cc. 
beakers   and  allowed  to  stabilize  for  1  hour  at  room  temperature.  A 
sample  of  each  test  metal  is  then  placed  in  a  beaker  with  the  retardant 
for  five  days  (fig.  2).    Each  test  piece  is  weighed  to  the  nearest  0.  1 
milligram  on  a  precision  balance  before  and  after  the  test.    The  weight 
loss  is  calculated  in  milligrams  per  square  decimeter  per  day  (mdd). 

The  second  type  of  test  simulates  field  conditions  in  which 
the  metals  are  not  only  exposed  to  the  chemicals,  but  to  the  air  as  well, 
or  alternately  exposed  to  chemical  and  air.  Materials  for  this  "dy- 
namic" test  are  prepared  as  for  the  static  test,  but  the  test  pieces  are 
suspended  from  a  shaft  rotating  at  one  r.p.  m.  ,  so  that  the  pieces  are 
alternately  submerged  and  then  exposed  to  the  air  for  about  30  seconds 
(fig.  3).  This  cycle  is  continued  for  7  2  hours.  In  both  the  dynamic  and 
static  procedures  each  test  is  repeated  from  2  to  5  times. 
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Figure  3.  — Metal  strips  are  alternately  immersed 
in  the  retardant  and  exposed  to  the  air  during 
the  dynamic  corrosion  test. 


Figure  4.  — Drying  test  dowels  in  an  oven  to  simu- 
late sun  and  wind  conditions  near  the  fireline. 
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FIRE  RETARDANT  EFFECTIVENESS 


Three  test  procedures  are  used  to  evaluate  fire  retardant 
effectiveness  Two  of  these  tests  are  relatively  simple  procedures 
used  to  measure  resistance  to  ignition  and  reduction  in  combustion 
rate.  The  third,  called  the  "steady-state  fire  model  technique,"  is 
somewhat  more  time-consuming,  but  more  nearly  simulates  fire  spread 
through  vegetation  It  is  usually  reserved  for  those  materials  showing 
the  most  promise  in  ignition  and  combustion  tests  It  should  be  empha- 
sized that  these  tests  are  part  of  a  screening  process.  They  make  it 
possible  to  determine  which  materials  should  be  evaluated  in  the  field, 
but  they  are  not  a  substitute  for  field  evaluation. 

IGNITION  TESTS 

Resistance  to  ignition  is  determined  by  measuring  the  time 
required  for  treated  and  untreated  maple  dowels  to  burst  into  flame 
when  placed  in  a  muffle  furnace  (Phillips  and  Miller,  1959).  Sixty-four 
maple  dowels,  1/4  inch  in  diameter  by  5  1/2  inches  in  length,  are  pre- 
pared for  a  single  test.  Eight  of  them  are  sawed  into  1/4-inch  lengths 
for  fuel  moisture  determination  by  the  xylene  distillation  method.  One 
set  of  6  dowels  is  reserved  as  control  samples  Five  sets  of  10  each 
are  used  for  ignition  tests, 

All  six  sets   are   clamped  upright   into   aluminum  holders, 
placed  m  a  Napco  Mod    E  7152  drying  oven  (fig.  4)  and  held  in  circula- 
ting air  at  115°   F.  for  24  hours    After  drying,  the  control  set  is  vi/eighed, 
all  sets  are  dipped  5  inches  deep  in  the  retardant  to  be  tested,  and  the 
control  set  is  again  weighed.    All  six  sets  are  then  placed  in  the  drying 
oven.    The  time  is  recorded     At  the  end  of  one  hour^  the  control  set 
is  again  weighed  and  returned  to  the  oven^  and  a  set  of  10  dowels  is  re- 
moved for  the  ignition  test     This  procedure  is  repeated  at  hourly  inter- 
vals through  five  hours. 

For  the  ignition  test  the  dowels  are  placed,  one  at  a  time, 
in  a  holder  and  inserted  m  the  muffle  furnace  {fig.  5),  The  time  until 
a  burst  of  flame  indicates  ignition  is  measured  by  a  stop  watch,  and 
ignition  time  for  the  ten  dowels  is  averaged. 

The  control  se+  is  kept  m  the  drying  oven  24  hours  and  then 
weighed  This  set  provides  a  record  of  the  amount  of  retardant  and 
water  adhering  to  the  fuel  the  water  loss  each  hour  for  5  hours,  and 
the  amount  of  retardant  adhering  to  each  dowei  after  24  hours  dryings 

This  same  test  may  be  made  wi+h  plain,  untreated  dowels 
and  with  dowels  dipped  m  water  as  a  basis  for  future  comparisons  if 
required,.  The  test  may  also  be  made  for  different  furnace  tempera- 
tures, usually  from  1  000^'   to  1,  700^   F    at  100=  intervals. 
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Figure  5.  — Determining  ignition  time  for  test  dowel  with  an 
electric  muffle  furnace. 

COMBUSTION  TEST 

The  ability  of  a  retardant  to  slow  or  inhibit  combustion  is 
determined  by  burning  treated  dowels  and  recording  the  resulting  radi- 
ation intensity  and  weight  loss. 

Weight  loss  is  measured  with  a  5 -kilogram  laboratory  scale 
(Toledo-Model  4030).    The  scale   is   equipped  with  an  aluminum  frame 
clamped  to  the  side  of  the  main  platform  of  the  scale  (Von  Kleeck  and 
Tyner,  1937).    This   frame  supports  a  horizontal  slotted  metal  strip 
from  which  the  test  dowels  are  hung  with  1/2-inch  intervening  air  space 
between  each.    A  pan  beneath  the  dowels  collects  falling  ash  or  char- 
coal.  A  Gier  and  Dunkle  radiometer  is  placed  9  feet  horizontal  distance 
from  the  fire,  and  the  radiation  intensity  recorded  by  means  of  a  record- 
ing potentiometer  (G-E  type  8CE5). 

Each  test  requires  four  untreated  and  three  retardant-treated 
1 /2-inch  diameter  by  7.  5 -inch  long  ponderosa  pine  dowels.    The  un- 
treated dowels  produce  the  heat  required  to  burn  the  three  treated  ones 
with  which  they  alternate  on  the  slotted  strip.    Each  dowel  is  hung  by  a 
small  wire  brad  driven  into  one  end. 
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Forty-one  dowels  are  needed  to  test  each  retardant  mixture. 
They  are  conditioned  24  hours  in  the  drying  oven  to  approach  equilib- 
rium moisture  content.  Six  dowels  in  a  special  holder  are  used  as  a 
weight  control.  The  tare  weight  of  the  holder  is  determined,  as  is  the 
weight  of  the  six  dowels.  These  dowels,  together  with  five  other  sets 
of  three  each,  are  then  dipped  in  the  retardant  to  be  tested,  and  the 
weight  of  the  control  set  is  again  recorded.  All  are  then  replaced  in 
the  oven  for  drying.  At  the  end  of  each  hour  of  drying  time,  the  spe- 
cial holder  of  six  is  weighed  to  determine  the  water  loss,  and  three 
treated  dowels  are  removed  from  the  oven  and  suspended  from  the 
scale  in  positions  2,  4,  and  6  on  the  slotted  strip  of  metal.  Four  un- 
treated dowels  are  hung  in  the  1,  3,  5,  and  7  positions. 

A  horizontal  asbestos  wick  containing  6.7  cc.  of  ethyl  alco- 
hol directly  below  the  dowels  is  ignited  and  at  the  same  time  the  weight 
is  recorded  from  the  scale,  and  a  stop  watch  is  activated.  Every  30 
seconds  the  scale  reading  is  recorded  (fig.  6).  These  readings  show 
the  loss  of  fuel  weight  owing  to  combustion,  while  the  chart  connected 
to  the  radiometer  registers  the  radiant  heat  produced  by  the  combustion. 

These  records  will  show  the   comparative  effectiveness  of 
various  retardants;  some  may  slow  down  the  combustion  process  in  the 
treated  dowels;  others  may  prevent  combustion.    The  test  is  repeated 
at  hourly  intervals  to  show  the  ability  of  a  retardant  to  remain  effective 
after  different  drying  periods. 


Figure  6.  — Combustion  test  dowels  suspended  from  a  balance 
to  determine  the  rate  at  which  they  lose  weight. 
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Figure  7.  — Fire  table  used  to  determine  rate  of  spread  and 
burning  intensity. 

STEADY -STATE  TECHNIQUE 

In  the  steady -state  test  the  rate  of  spread,  the  radiant  energy, 
and  the  convective  heat  of  a  fire  burning  in  an  untreated  portion  of  a 
crib  of  1 /2 -inch  dowels   are   compared  with  measurements  obtained 
when  the  fire  burns  into  the  retardant-treated  portion  of  the  same  crib. 

The  fire  table  (fig.  7)  and  other  equipment  used  in  this  test 
was  developed  in  fire  model  studies  conducted  at  the  Richmond  Labora- 
tory 1/  (Fons  et  al,  1960). 

The  fuel  for  this  test  consists  of  a  crib  built  of  6  tiers  of  21 
dowels  7.  5  inches  long  and  6  tiers  of  5  dowels  35.  5  inches  long.  These 
dowels  are  1 /2 -inch -round  ponderosa  pine.  They  are  placed  in  a  jig, 
glued  with  small  drops  of  resin  adhesive,  kept  under  pressure  over- 
night, and  subsequently  conditioned  in  the  drying  oven  for  24  hours  at 
115°  F. 


l_/  Office  of  Civil  and  Defense  Mobilization  Contract  No.  D 
CM-SR-59-10,  and  U.S.  Forest  Service  Contract  No.  12-11-005-20170, 
dated  October  27,  1958. 
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The  crib  is  removed  from  the  oven  and  weighed.    One  end  is 
dipped  12  inches  deep  into  the  retardant  to  be  tested  and  allowed  to 
drain  for  5  minutes.   It  is  again  weighed  to  determine  the  amount  of  re- 
tardant and  water  adhering,  and  replaced  in  the  oven  for  a  specified 
time  (1  to  24  hours).  It  is  then  weighed  again  and  placed  on  the  movable 
center  strip  of  the  fire  table. 

The  untreated  end  (in  line  with  the  eyes  of  the  operator)  is 
ignited  with  an  asbestos  wick  containing  6.7  cc.  of  ethyl  alcohol.  As 
the  crib  is  consumed,  the  operator  cranks  the  fire  "front"  forward  to 
keep  it  in  a  steady  position  before  him,  recording  the  number  of  revo- 
lutions he  has  turned  the  crank  each  minute  (fig.  8).  A  Gier  and  Dunkle 
radiometer  aimed  at  the  fire  and  mounted  at  a  horizontal  distance  of  14 
feet,  records  the  radiant  energy  on  a  recording  potentiometer.  The  2 
feet  of  untreated  fuel  bed  gives  the  fire  a  chance  to  reach  a  "steady 
state"  before  reaching  the  retardant.  After  this,  the  drop  in  intensity 
and  rate  of  spread,  as  graphically  represented  on  the  recorder  charts, 
forms  a  basis  for  comparison  between  retardants. 

In  all  tests  using  wood  dowels  or  cribs,  the  moisture  content 
of  forest  fuels  is  determined  by  xylene  distillation  and  the  results  are 
considered  in  the  analysis  of  the  results. 


Figure  8.  — "Steady-state"  fire  burning  in  a  crib  on  the  fire 
table.  The  last  12  inches  of  the  crib  have  been  treated 
with  retardant. 
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CONCLUSION 


After  a  new  chemical  fire  retardant  makes  its  deljnt  it  has 
a  long  way  to  go  before  it  can  be  accepted  as  a  full-fledged  usable  re- 
tardant. It  IS  subjected  to  laboratory,  fields  and  operational  tests  and 
is  examined  from  many  different  angles.  Of  more  than  50  reiardants 
and  retardant  combinations  tested  in  recent  years,  only  two  have  taken 
their  place  in  the  firelme,  and  two  others  have  reached  the-  operational 
testing  stale 

Laboratory  testing  and  evaluation  of  chemical  fire  ra'ardants 
is  not  basic  research  in  chemistry  or  fire  physics.  The  tests  are 
merely  tailoi'ma^e  comparisons  of  existing  and  new  retardants  F'ur- 
thermore,  laboratory  tests  are  not  the  final  answer.  Since  i""  is  not 
practical  to  fieJo  test  all  suggested  retardants  laboratory  tes^^s  answer 
the  question.  "Does  the  new  retardant  show  enough  promise  to  justify 
field  testing?"  Laboratory  tests  take  time  and  effort.  They  are  done 
by  our  limited  staff  along  with  other  major  fire  research  1'  e  s  p  o  n  s  ibih- 
ties.  We  are  not  therefore,  able  to  test  immediatel}'  every  chemical 
that  comes  mio  tiie  laboratory. 
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